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WO 00/16811 PCT/EP99/07090 

MRI CONTRAST AGENT 
TECHNICAL FIELD OF THE INVENTION 

The present invention relates to an MRI contrast agent. More particularly, the 
5 present invention relates to an MRI contrast agent comprising a complex of a 
polyanionic gadolinium(Gd) type MRI contrast agent and a cationic polymer, or 
a complex &f a polycationic Gd type MRI contrast agent and an anionic polymer. 

BACKGROUND OF THE INVENTION 

10 The progress in clinical image diagnosis in recent years is remarkable, and 

various image diagnoses, such as X ray CT (computed tomography), ultrasonic 
image diagnosis, MRI (magnetic resonance imaging) diagnosis, scintigraphy 
and the like, have been used to make a diagnosis of almost every part of the 
body. Along therewith, various contrast media suitable for such image 
15 diagnoses have been developed and found to be useful. 

In particular, MRI diagnosis is a new diagnostic method which has been drawing 
much attention recently from the field of radiation diagnosis as well as entire 
medical fields. When compared to other contrast agent, the contrast agent for 
20 MRI are superior in concentration resolution in tissues and safety from the 
absence of exposure to X rays, so that they are considered to be clinically 
useful in locating lesions, grasping anatomical and functional images of normal 
{ ) and abnormal parts, and the like. 

25 On the other hand, the detection capability thereof is not entirely satisfactory, 
because the detection targets are restricted to certain disease and parts, and 
leaves room for the development of contrast media having higher functions. 

MRI contrast agent have been awaited that (1) permit detection at lower 
30 concentrations (small doses), (2) permit detection of specific target cells (e.g., 
tumor) with high sensitivity, (3) cause no toxicity and (4) are quickly cleared 
from the body. In particular, the development of MRI contrast medium has been 
desired, which has superior contrasting capability, which does notfdrm images 
where imaging is not desired, such as at normal tissues, and which is capable 
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of forming images only of tumor or specific organs. 



Isotope News, July 1998, pp. 7-9, describes an MRI contrast agent recognizing 
biological microenvironment, wherein it is taught that imaging principles of 
5 gadolinium (Gd) type MRI contrast agent are based on shortening of the 
longitudinal relaxing time (T1) of water molecule by Gd (Lauffer RB, Chem. 
Rev., 87, 901 (1987)), and that microenvironmental responsive control of 
interaction between the Gd molecule and water enables on-off switching of the 
image signals that reflect the microenvironment. Moreover, Mikawa et al., 

10 Polymer Preprints, Japan, 46, 2265, 1997 studied variation of T1 relaxing time, 
that is associated with variation in pH, by making a complex of a cationic 
polymer and an anionic Gd type contrast agent, based on the report that the pH 
of tumor tissue is lower than that of normal tissue (Vaupel R et. al. Cancer Res., 
49, 6449 (1989)). This complex forms a strong polyionic complex (PIC) 

15 because both of the positive charge and the negative charge become almost 
equivalent at around a neutral pH, and dehydration of internal water suppresses 
interaction between the Gd ion and the surrounding water, which inhibits the 
expression of MRI capability. In contrast, the positive charge is in excess at a 
weak acidic pH and a strong PIC cannot be formed, whereby the MRI capability 

20 is expressed. 

SUMMARY OF THE INVENTION 

The present invention aims at providing an MRI contrast agent wherein imaging 
25 capability is expressed only within the target abnormal cells such as tumor, and 
imaging is not conducted at the site where imaging is not necessary, thereby to 
strikingly improve the detection sensitivity of the abnormal cells such as tumor. 

The present inventors have conducted intensive studies taking note of the fact 
30 that a specific polymer electrolyte expresses on the surface of abnormal cell, 
such as tumor cell, and found that a contrast agent can be obtained, that is 
capable of on-off switching of image signal (MRI capability) even at a neutral pH 
by the presence or absence of this polymer electrolyte, which resulted in the 
completion of the present invention. 
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Accordingly, the present invention provides the following. 

(1) An MRI contrast agent, which comprises (i) a complex or a gel of a 
polyanionic gadolinium (Gd) type contrast agent and a cationic polymer being 
capable of forming a polyion complex or a polyion gel, (ii) a complex or a gel of 
a polycationic gadolinium (Gd) type contrast agent and an anionic polymer 
being capable of forming a polyion complex or a polyion gel, or (iii) a liposome 
containing a metal complex which complexes gadolinium (Gd) with a chelating 
agent being capable of forming a polyion membrane in the liposome; and which 
expresses an MRI capability at neutral pH in the presence of a polymer 
electrolyte. 

(2) The MRI contrast agent of (1 ) above, which comprises (i) a complex of a 
polyanionic gadolinium (Gd) type contrast agent and a cationic polymer, or (ii) a 
complex of a polycationic gadolinium (Gd) type contrast agent and an anionic 
polymer, both complexes being capable of forming a polyion complex, and 
which expresses an MRI capability at neutral pH in the presence of a polymer 
electrolyte. 

(3) The MRI contrast agent of (1 ) above which comprises a complex of a 
polyanionic gadolinium (Gd) type contrast agent and a cationic polymer being 
capable of forming a polyion complex, and which expresses an MRI capability 
at neutral pH in the presence of a polymer electrolyte. 

(4) The MRI contrast agent of any of (1) to (3) above, wherein the polyanionic 
gadolinium (Gd) type contrast agent is (1) a copolymer of (i) a cationic polymer 
and (ii) a metal complex which complexes gadolinium (Gd) with a chelating 
agent, and the chelating agent free of gadolinium (Gd) ion, wherein all cations 
of the cationic polymer are bonded with the metal complex or the chelating 
agent, or (2) a copolymer of (i) a cationic polymer and (ii) a metal complex 
which complexes gadolinium (Gd) with a chelating agent. 

(5) The MRI contrast agent of (4) above, wherein the cationic polymer 
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copolyrnerized with the metal complex or chelating agent is a natural polymer 
chitosan and/or at least one synthetic polymer selected from the group 
consisting of polydiethylaminoethylmethacrylate (PDEAMA), polyL-lysine (PLL), 
poly L-histidine (PLH), poly(vinylamine), poly(ethyleneimine), l,m-ionene, 
poly(N-alkyl-4-vinylpyridinium chloride) (QPVP), poly(vinylbenzyl 
trimethylarnmonium chloride) (PVBMA), poly[(N,N<Jimethylamino)ethyl 
acrylate], poly[(N,N-dimethylamino)propyl acrylamide], poly(N,N- 
dimethylacrylamide), poly(N,N-diethylacrylamide), poly(allylamine), poly[N,N- 
(dimethylamino)ethyl methacrylate], poly[N,N-(diethylamino)ethyl methacrylate], 
poly[N,N-(dipropyIamino)ethyl methacrylate], poly[N,N-(diethyl)acrylamide] and 
poly[N,N-(dimethyl)acrylamide]. 

(6) The MRI contrast agent of (4) above, wherein the metal complex is a 
compound partially having the formula 




coo- coo - COO- 

Gd 3+ 

and the chelating agent is a compound partially having the formula 




(7) The MRI contrast agent of (4) above wherein the metal complex is a 
compound partially having the formula, 
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and the chelating agent is a compound partially having the formula 
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(8) The MRI contrast agent of any of (4), (6) and (7) above, wherein the cationic 
polymer is poly L-lysine (PLL). 

(9) The MRI contrast agent of (1) above, wherein the polyanionic gadolinium 
10 (Gd) type contrast agent is a polymer contrast agent comprising anionic metal 

complexes polymerized via a spacer molecule. 

o 

(10) The MRI contrast agent of (9) above, wherein the polymer contrast agent 
comprising anionic metal complexes polymerized via a spacer molecule is a 

1 5 complex polymer of the formula (1 ) 

— fGd — DTP A— PD Af^riDT? A — PD A) (1Q0 , xl) ( 1 ) 



wherein DTPA is diethylenetriamine pentaacetic acid, PDA is 1,3- 
propanediamine, Xi is a real number of 1 to 99, and the formula 

20 

—(Gd— DTPA— PDA-) — 
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therein shows a DTPA-PDA moiety into which gadolinium (Gd) has been 
introduced, namely, the complex polymer represented by the formula 




or the formula (2) 



— (Gd — DOTA— PDAfe-CDOTA— PD A) (100 . x2) 



(2) 



wherein PDA is as defined above, DOTA is 1 ,4,7,1 0-tetraazacyclododecane- 
N,N',N , \N ,n -tetraacetic acid, x 2 is a real number of 1 to 49, and the formula 



— {Gd — DOTA— PDA)— 

therein shows a DOTA-PDA moiety into which gadolinium (Gd) has been 
introduced, namely, the complex polymer represented by the formula 




(11) The MRI contrast agent of (1) above, wherein the cationic polymer is a 
natural polymer chitosan and/or at least one synthetic polymer selected from 
the group consisting of polydiethylaminoethylmethacrylate (PDEAMA), poly L- 
lysine (PLL), poly L-histidine (PLH), poly(vinylamine), poly(ethyleneimine), l,m- 
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ionene, poly(N-aIkyl-4-vinylpyridinium chloride) (QPVP), poiy(vinylbenzyl 
trimethylammonium chloride) (PVBMA), poly[(N,N-dimethylamino)ethyl 
acrylate], poly[(N,N-dimethylamino)propyl acrylamide], poly(N,N- 
dimethylacrylamide), poly(N,N-diethylacrylamide), poly(allylamine), poly[N,N- 
(dimethylamino)ethyl methacrylate], pofy[N,N-(diethylamino)ethyl methacrylate], 
poly[N,N-(djpropylamino)ethyl methacrylate], poly[N,N-(diethyl)acrylamide] and 
poly[N,N-(dimethyl)acrylamide]. 

(12) The MRI contrast agent of (1) above, wherein the polycationic gadolinium 
(Gd) type contrast agent is a bonded compound of a cationic polymer and a 
metal complex (Gd-DOTA) of one partially having the formula 

"OOC \ / \ y COO" 



wherein the metal complex (Gd-DOTA) has bonded to a part of the cation of the 
cationic polymer and a part of the cation remains unbonded. 

(13) The MRI contrast agent of (12) above, wherein the cationic polymer that 
bonds to the metal complex (Gd-DOTA) is a natural polymer chitosan and/or at 
least one synthetic polymer selected from the group consisting of 
polydiethylaminoethylmethacrylate (PDEAMA), poly L-lysine (PLL), poly L- 
histidine (PLH), poly(vinylamine), poly(ethyleneimine), l.m-ionene, poly(N-alkyl- 
4-vinylpyridinium chloride) (QPVP), polyvinyl benzyl trimethylammonium 
chloride (PVBMA), poly[(N,N-dimethylamino)ethyl acrylate], poly[(N,N- 
dimethylamino)propyl acrylamide], poly(N,N-dimethylacrylamide), poly(N,N- 
diethylacrylamide), poly(allylamine), poly[N,N-(dimethylamino)ethyl 
methacrylate], poly[N,N-(diethylamino)ethyl methacrylate], poly[N,N- 
(dipropylamino)ethyl methacrylate], poly[N,N-(diethyl)acrylamide] and poly[N,N- 
(dimethyl)acrylamide]. 




Gd 



|3+ 
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(14) The MRI contrast agent of (12) above, wherein the cationic polymer is poly 
L-lysine (PLL) or chitosan. 

(15) The MRI contrast agent of (1 ) above, wherein the anionic polymer is at 
least onejnriember selected from the group of synthetic polymers consisting of 
poly L-glutamic acid, poly L-aspartic acid, poly(acrylic acid) (PAA), 
poly(methacrylic acid) (PMAA), poly(vinylsulfonic acid), poly(styrenesulfonic 
acid) (PSS), poly(styrenephosphoric acid) (PSP), polyphosphoric acid, and 
acidic polysaccharides having colominic acid, sulfonic acid group, carboxylic 
acid group and/or phosphoric acid group; and the group of natural polymers 
consisting of hyaluronic acid, chondroitin, chondroitin sulfate, dermatan sulfate, 
heparan sulfate, heparin, keratan sulfate, and acidic polysaccharides containing 
sialic Lewis acid, colominic acid, uronic acid, sulfonic acid group, carboxylic acid 
group and/or a phosphoric acid group. 

(16) The MRI contrast agent of (1 ) above, wherein the polymer electrolyte is at 
least one member selected from the group consisting of acid glycolipids and 
glycosaminoglucans. 

(1 7) The MRI contrast agent of (1 ) above, wherein the polyion complex is a 
complex of (i) a polyanionic gadolinium (Gd) type contrast agent that is a 
copolymer of (1 ) poly L-lysine (PLL) and (2) a metal complex partially having the 
formula 




Gd 3+ 

and a chelating agent partially having the formula 
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and 



(ii) a cationic polymer that is polydiethyiaminoethylmethacrylate (PDEAMA). 

(18) An MRI contrast agent, which comprises (i) a gel of a polyanionic 
5 gadolinium (Gd) type contrast agent and a cationic polymer being capable of 
forming a polyion gel, or (ii) a gel of a polycationic gadolinium (Gd) type contrast 
agent and an anionic polymer being capable of forming a polyion gel, and which 
expresses an MRI capability at acidic pH or alkaline pH. 

10 (19) An MRI contrast agent, which comprises a liposome containing a metal 
complex which complexes gadolinium (Gd) with a chelating agent being 
capable of forming a polyion membrane in the liposome, and which expresses 
an MRI capability at acidic pH or alkaline pH. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a chart showing the synthetic process of poly(Gd-DTPA-PDA) {x^ %). 

Fig. 2 shows variation in relative signal intensity due to the administration of the 
20 inventive MRI contrast agent in a tumor tissue and muscle. 



Conventionally, the MRI contrast agent is known to include T1 weighted type 
25 contrast agent and T2 weighted type contrast agent. Examples of the T1 

weighted type contrast agent include an ionic complex of a chelating agent and 
gadolinium (Gd), which is a lanthanide metal highly capable of shortening the 
proton longitudinal relaxing time (T1). The T1 weighted type contrast agent is a 
positive one which increases brightness of the part where the contrast agent is 



DETAILED DESCRIPTION OF THE INVENTION 
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present to make the part shine white in an image. The T2 weighted type 
contrast agent which shortens the transverse proton relaxing time (T2) includes 
superparamagnetic iron oxide fine particles (magnetite) used in form of a colloid 
obtained by converting said particles with a dextran derivative. The T2 
5 weighted type contrast agent is a negative one that reduces brightness of the 
part whera the contrast agent is present and makes the part look dark in an 
image. 

The acidic pH in this specification means a pH of from about pH 4 to about pH 
10 6. The alkaline pH in this specification means a pH of from about pH 8 to about 
( ; pH 9. The neutral pH in this specification means a pH of from about pH 6 to 

about pH 8. 

A complex of a polyanionic Gd type contrast agent and a cationic polymer being 
15 capable of forming a polyion complex, or a complex of a polycationic Gd type 
contrast agent and an anionic polymer being capable of forming a polyion 
complex generally have near equivalent positive charge and the negative 
charge at neutral pH (ca. pH 6-8) and form a stable polyion complex, where Gd 
ion and the surrounding water do not interact and MRI capability is not 
20 expressed. 

A polyion complex is a collective polymer electrolyte having both the positive 

( * 

and negative charges in the complex. 

25 On the other hand, with regard to the above-mentioned complexes, positive 
charges become higher corresponding to protonization of polycation usually at 
acidic pH (ca. pH 4-6), and negative charge decreases corresponding to 
polyanion transition to non-dissociation state. This has a consequence that 
positive charge becomes excessive at an acidic pH, thus failing to form a stable 

30 polyion complex, where Gd and water interact to express MRI capability. 



At an alkaline pH (ca. pH 8-9), positive charges decrease corresponding to 
deprotonization of polycation, and the negative charge increases corresponding 
to polyanion transition to dissociation state. Consequently, the negative charge 
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becomes excessive, again failing to form a stable polyion complex and 
permitting interaction of Gd and water to express MRI capability. 

The complex of a polyanionic Gd type contrast agent and cationic polymer 
5 being capable of forming a polyion complex, and the complex of a polycationic 
Gd type contrast agent and anionic polymer being capable of forming a polyion 
complex, that constitute the MRI contrast agent of the present invention, 
generally have nearly the same positive charge and negative charge at a 
neutral pH, thus forming a strong polyion complex, and its MRI capability is off. 

10 However, the positive-negative charge becomes imbalanced in the presence of 
a polymer electrolyte, and a part or the entirety thereof is dissociated due to the 
substitution phenomenon of the polyion forming the polyion complex, whereby 
Gd and its surrounding water interact, and the MRI capability is expressed. 
When the complexes do not interact with the polymer electrolyte, high Gd ions 

15 are concentrated within polyion complex, and MRI signal can be disappeared 
because of (i) the T2 effect and/or (ii) inhibition of the diffusion of water 
molecule from inside to outside of polyion complex. 

With regard to (i) the gel of a polyanionic Gd type contrast agent and a cationic 
20 polymer being capable of forming a polyion gel, and (ii) the gel of polycationic 
Gd type contrast agent and anionic polymer being capable of forming a polyion 
gel that constitute the MRI contrast agent of the present inveniton, positive 
charges become higher corresponding to protonization of polycation and 
negative charge decreases corresponding to polyanion transition to non- 
25 dissociation state at acidic pH (ca. pH 4-6). Consequently, positive charge 
becomes excessive at an acidic pH (ca. pH 4-6), thus failing to form a strong 
polyion gel. 

At an alkaline pH (ca. pH 8-9), positive charges decrease corresponding to 
30 deprotonization of polycation and the negative charge increases corresponding 
to polyanion transition to dissociation state. Consequently, the negative charge 
becomes excessive, again failing to form a strong polyion gel and permitting 
interaction of Gd and water to express MRI capability. 
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The gels generally have nearly the same positive charge and negative charge 
at neutral pH t thus forming a strong polyion gel, and its MRI capability is off. 
However, the positive-negative charge becomes imbalanced in tMe presence of 
a polymer electrolyte at a neutral pH, and a part or the entirety thereof is 
5 dissociated due to the substitution phenomenon of the polyion forming the 
polyion geJ^ whereby Gd and its surrounding water interact, and the MRI 
capability is expressed. When the gels do not interact with the polymer 
electrolyte at a neutral pH, high Gd ions are concentrated within polyion gel, 
and MRI signal can be disappeared because of (i) the T2 effect and/or (ii) 
10 inhibition of the diffusion of water molecule from inside to outside of the polyion 
gel. 

With regard to the liposome containing a metal complex which complexes Gd 
with a chelating agent, being capable of forming a polyion membrane in the 
15 liposome that constitute the MRI contrast agent of the present invention, the 
polyion membrane in the liposome is unstably formed at an acidic pH (ca. 4-6) 
or alkaline pH (ca. 8-9), whereby activated water molecules surrounding Gd in 
liposome can diffuse to outside of liposome, and the MRI capability is 
expressed. 

20 

The liposome generally have nearly the same positive charge and negative 
charge at a neutral pH, thus the polyion membrane in the liposome is stably 
formed whereby activated water molecules surrounding Gd in liposome can not 
diffuse to outside of liposome, and its MRI capability is off. However, the 

25 positive-negative charge becomes imbalanced in the presence of a polymer 
electrolyte at a neutral pH, and the polyion membrane in the liposome become 
unstable whereby activated water molecules surrounding Gd in liposome can 
diffuse to outside of liposome, and its MRI capability is expressed. When the 
liposome do not interact with the polymer electrolyte at a neutral pH, high Gd 

30 ions are concentrated within the liposome, and MRI signal can be disappeared 
because of (i) the T2 effect and/or (ii) inhibition of the diffusion of water 
molecule from inside to outside of the liposome. 

Among MRI contrast agents of the present invention, an MRI contrast agent, 
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which comprises (i) a complex of a polyanionic Gd type contrast agent and a 
cationic polymer or (ii) a complex of a polycationic Gd type contrast agent and 
an anionic polymer, both complexes being capable of forming a ptolyion 
complex, and which expresses an MRI capability at neutral pH in the presence 
5 of a polymer electrolyte, is preferred. 

Further, an MRI contrast agent which comprises a complex of a polyanionic Gd 
type contrast agent and a cationic polymer being capable of forming a polyion 
complex and which expresses an MRI capability at neutral pH in the presence 
10 of a polymer electrolyte, is more preferred. 

The polyanionic Gd type contrast agent to be used in the present invention is of 
a T1 weighted type, which is exemplified by (a) a copolymer of (i) a cationic 
polymer, and (ii) a metal complex which complexes Gd as a Gd ion complex 

15 with a chelating agent, and the chelating agent free of Gd ion, wherein all 
cations of the cationic polymer are bonded with the metal complex or the 
chelating agent and (b) a polymer contrast agent comprising an anionic metal 
complex or the chelating agent which has been polymerized via a spacer 
molecule. Examples of the cationic polymer include synthetic polymers such as 

20 polydiethylaminoethylmethacrylate (hereinafter to be abbreviated as PDEAMA), 
poly L-lysine (hereinafter to be abbreviated as PLL), poly L-histidine (hereinafter 
to be abbreviated as PLH), poly(vinylamine), poly(ethyleneimine), l,m-ionene, 
poly(N-alkyl-4-vinylpyridinium chloride) (hereinafter to be abbreviated as 
QPVP), poly(vinylbenzyl trimethylammonium chloride) (hereinafter to be 

25 abbreviated as PVBMA), poly[(N,N-dimethylamino)ethyl acrylate], poly[(N,N- 
dimethylamino)propyl acrylamide], poly(N,N-dimethylacrylamide), poly(N,N- 
diethylacrylamide), poly(allylamine), poly[N,N-(dimethylamino)ethyI 
methacrylate], poly[N,N-(dtethylamino)ethyl methacrylate], poly[N,N- 
(dipropylamino)ethyl methacrylate], poly[N,N-(diethyl)acrylamide] and poly[N,N- 

30 (dimethyl)acrylamide] and natural polymer such as chitosan. PLL is more 
preferable in the polymers. 

The above-mentioned chelating agent is exemplified by diethylenetriamine 
pentaacetic acid (hereinafter to be abbreviated as DTPA) partially having the 
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5 and 1, 4,7,1 0-tetraazacyclododecane-N,N',N",N , "-tetraacetic acid compounds 
(hereinafter to be abbreviated as DOTA) partially having the formula 



■ooc 



^ / 
N\ 



COO" 



\ 



■ooc 



N 



N 

J 



COO" 



The metal complex which complexes Gd with the chelating agent is 
10 exemplified by one partially having the formula 





coo- COO- COO 



Gd 



3+ 



(hereinafter to be abbreviated as Gd-DTPA), and one partially having the 
15 formula 
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(hereinafter to be abbreviated as Gd-DOTA). 

With regard to the copolymer of (i) a cationic polymer, and (ii) a metal complex 
which complexes Gd as a Gd ion complex with a chelating agent, and the 
chelating agent free of Gd ion, all cations of the cationic polymer are bonded 
with the metal complex or the chelating agent The copolymer has a structure 
expressed by the following formula: 

(cationic polymer) — (metal complex) (y%) 
wherein y is the proportion of the number of the metal complex to the total 
number of the metal complex and the chelating agent. 

Specific examples of the formula of the copolymer include 

(cationic polymer) — poly(Gd-DTPA) (x 3 %) 
wherein Gd-DTPA is as defined above and x 3 is a real number of 1 to 99, and 

(cationic polymer — poly(Gd-DOTA) (x 4 %) 

wherein Gd-DOTA is as defined above and X4 is a real number of 1 to 49. 

Preferable example of the copolymer comprising (i) a cationic polymer and (ii) a 
metal complex which complexes Gd as a Gd ion complex with a chelating 
agent, and the chelating agent free of Gd ion includes one expressed by the 
formula: 

PLL _ poiy(Gd-DTPA) (x 3 %) 
wherein PLL, Gd-DTPA and x 3 are as defined above. 

The polymer contrast agent obtained by polymerizing the above-mentioned 
anionic metal complex via a spacer molecule is represented by the following 
formula 



SUBSTITUTE SHEET (RULE 26) 



WO 00/16811 



PCT/EP99/07090 



16 



/ anionic metal \ f 

v complex / ^ 



spacer 
molecule 



Z% 



7 chelating 

\ agent ' 



/ spacer V 
molecule 



(100-z)% 



wherein the anionic metal complex includes Gd-DTPA and Gd-DOTA, the 
5 chelating agent is one capable of forming the anionic metal complex, such as 
DTPA when the anionic metal complex is Gd-DTPA and DOTA when the anionic 
metal complex is Gd-DOTA, the spacer molecule includes amines such as 
methylenediamine, ethylenediamine, propanediamine, hexanediamine and the 
like; active compounds such as neocarzinostatin (NCS) and the like; and the 
10 like, and z is a real number that varies depending on the chelating agent. 

In the above-mentioned spacer molecule, propanediamine is preferable. 

As the polymer contrast agents obtained by polymerizing the above-mentioned 
15 anionic metal complex via a spacer molecule, specifically (i) the polymer 
complex of the formula (1 ) 



— {Gd-DTPA— PDA^r-fDTPA— PD A) (10 o-xi) 



(1) 



wherein DTPA is diethylenetriamine pentaacetic acid, PDA is 1,3- 
propanediamine, Xi is a real number of 1 to 99, and the following formula; 



— { Gd— DTPA— PDA) — 

20 shows the DTPA-PDA moiety into which Gd has been introduced, namely, the 

formula; 
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;and (ii) the polymer complex of the formula (2) 



— (Gd — DOT A — PDA)5a~~(DOTA — PD A) (100 . x2) 



(2) 



wherein PDA is as defined above, DOTAis 1, 4,7,1 O-tetraazacyciododecane- 
N,N , ,N",N m -tetraacetic acid, x 2 is a real number of 1 to 49, and the following 
formula; 

— (Gd — DOT A- PDA)— 

shows the DOTA-PDA moiety into which Gd has been introduced, namely, the 
formula: 



O 
II 

c- 



■ooc- 



Gd 



3+ 



N 

J 



O 
II 

c 



H 
N 



COO' 



H 



; are preferable. 

Particularly preferable polymer complex is that of the formula (I). 

The formula (1) shows that Gd has been introduced into % of the DTPA-PDA 
moiety in the polymer complex, and the polymer complex represented by the 
formula (1 ) is hereinafter expressed as poly(Gd-DTPA-PDA)(xi %). 
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Similarly, the formula (2) shows that Gd has been introduced into x 2 % of the 
DOTA-PDA moiety in the polymer complex. Hereinafter the polymer complex of 
the formula (2) is expressed as poly(Gd-DOTA-PDA)(x 2 %). The range that Xi 
5 and x 2 can take is as mentioned above- 

This anionic metal complex is typically obtained by mixing Gd with a chelating 
agent in a buffer. The detailed preparation method of poly(Gd-DTPA-PDA)(Xi 
%) is described in the following. 

10 

The copolymer comprising (i) a cationic polymer, and (ii) a metal complex which 
complexes Gd as a Gd ion complex with a chelating agent, and the chelating 
agent free of Gd ion can be typically prepared by mixing by stirring the cationic 
polymer and the chelating agent in an aqueous solution at room temperature 

15 and then introducing Gd into the chelate moiety. For example, polymerization to 
give the above-mentioned PLL-poly(Gd-DTPA) (x 3 %) wherein x 3 is as defined 
above can be carried out according to EP No. 0331616 (Example 37), wherein 
amino group of PLL and one of the five carboxyl groups of DTPA are covalently 
bonded to synthesize PLL-DTPAand then Gd ion is added. 

20 The polymer contrast agent wherein the above-mentioned anionic metal 
complex is polymerized via a spacer molecule can be usually prepared by 
mixing by stirring the spacer molecule and DTPA or DOTA in an aqueous 
solution at room temperature. 

25 The cationic polymer to be used for forming the complex with a polyanionic Gd 
type contrast agent for the preparation of a polyion complex in the present 
invention is exemplified by those mentioned above with regard to cationic 
polymer used for preparing the above-mentioned polyanionic Gd type contrast 
agent, with particular preference given to PDEAMA and PLL. 

30 

The polycationic Gd type contrast agent to be used in the present invention is, 
for example, a contrast agent used as a T1 weighted type contrast agent, which 
is a bonded product of a cationic polymer and a metal complex (Gd-DOTA), 
wherein the metal complex (Gd-DOTA) is bonded to a part of the cation of the 
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cationic polymer, e.g., 1-99%, preferably 10-40%, and the rest of the cation 
remains unbonded. 

As the above-mentioned cationic polymer, those used for preparing the above- 
5 mentioned polyanionic Gd type contrast agent are similarly used. 

As the bonded product of the cationic polymer, which is the above-mentioned 
polycationic Gd type contrast agent, and Gd-DOTA t a polymer wherein Gd- 
DOTA has been covalently bonded to a part of the cation of PLL and a polymer 
10 wherein Gd-DOTA has been covalent bonded to a part of the cation of chitosan, 
[ y are preferable. 

In this case, Gd-DTPAto be covalently bonded to a part of the cation of cationic 
polymer is that wherein Gd has been introduced into all (100%) of the DOPA 
15 moiety, and DOTA without Gd is not included. 



For the preparation of the polycationic Gd type contrast agent, the bonded 
product of the cationic polymer and the metal complex usually can be prepared 
by mixing the cationic polymer and the metal complex (Gd-DOTA) in an 
20 aqueous solution at room temperature to 40 . 



The anionic polymer to be used in the present invention for complexing with a 
polycationic Gd type contrast agent for the preparation of a polyion complex 
includes synthetic polymers such as poly L-glutamic acid, poly L-aspartic acid, 

25 poly(acryric acid) (hereinafter to be abbreviated as PAA), poly(methacryric acid) 
(hereinafter to be abbreviated as PMAA), poly(vinylsulfonic acid), 
poly(styrenesufonic acid) (hereinafter to be abbreviated as PSS), 
poly(styrenephosphoric acid) (hereinafter to be abbreviated as PSP), 
polyphosphoric acid, acidic polysaccharides having colominic acid, sulfonic acid 

30 group , carboxylic acid group and/or phosphoric acid group and the like, natural 
polymers such as hyaluronic acid, chondroitin, chondroitin sulfate, dermatan 
sulfate, heparan sulfate, heparin, keratan sulfate and acid polysaccharides 
having sialyl Lewis acid, colomjnic acid, uronic acid, sulfuric acid group 
carboxylic acid group and/or phosphoric acid group, with preference given to 
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poly L-glutamic acid and poly L-aspartic acid. 

For superior imaging capability, in general terms, MRI contrast agent is 
preferably polymerized. By the polymerization, molecular rotation rate can be 
5 suppressed and the energy of the MRI contrast agent excited by the magnetic 
field can fee easily passed on to the surrounding protons, which in turn shortens 
the proton relaxing time to increase contrasting capability. Preferably, it has a 
linear structure showing greater suppressive effect on molecular kinetics. 
Especially when a complex is formed via 1 ,3-propanediamine (hereinafter to be 
10 abbreviated as PDA) and then polymerized, it forms a linear alternating 

copolymer structure that is expected to stabilize chelate to a higher degree. For 
example, the Gd type contrast agent can be polymerized through the 
polymerization of the metal complex used for preparing the Gd type contrast 
agent. The polymerization process is shown in Fig. 1 . 

15 

DTPA anhydride, which is a metal chelating agent, and PDA are polymerized by 
stirring with heating in DMF (N f N-dimethylformamide) to synthesize poly-DTPA- 
PDA having a molecular weight of 5,000-30,000, preferably 20,000-30,000, 
wherein DTPA polymerized linearly via PDA. This synthesized product and Gd 
20 are mixed in a buffer to introduce Gd into the DTPA moiety to give a poly(Gd- 
DTPA-PDA) (Xi %) which is a polymerized metal complex. 

While the proportion of Gd to be introduced into the DTPA-PDA moiety varies 
depending on the factors such as maintenance of water solubility, charge 
25 condition and the like, Gd is introduced into 1-99%, preferably 10-30%, of 
DTPA-PDA moiety. Hence, Xi is 1-99, preferably 10-30. 

In the present invention, a complex of a polyanionic Gd type contrast agent and 
a cationic polymer, as well as a complex of a polycationic Gd type contrast 
30 agent and an anionic polymer are formed differently depending on the cationic 
polymer to be used. Generally when PDEAMA is used, for example, the 
complexes are formed by mixing in an aqueous solution at a pH of around 5-7, 
preferably around 6.5, at room temperature. Generally when PLH is used, the 
complexes are formed by mixing in an aqueous solution at a pH of around 4-6, 
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preferably around 6, at room temperature. Generally when PLL is used, the 
complexes are formed by mixing in an aqueous solution at a pH of around 7-9, 
preferably around 8.5, at room temperature. 

The ratio in the amounts of polyanionic Gd type contrast agent and cationic 
polymer, a^ well as that of polycationic Gd type contrast agent and anionic 
polymer vary depending on the Gd type contrast agent and polymer to be used 
and conditions for forming a complex. It is preferable to be prepared so that the 
charge ratio of polymer : Gd type contrast agent should be set to (0.2 - 5) : 1 , 
more preferably (0.8 - 1.2) : 1. 

The MRI contrast agent of the present invention is preferably a complex of (i) a 
polyanionic Gd type contrast agent consisting of a bonded product of PLL which 
is a cationic polymer and poly(Gd-DTPA) (x 3 %) wherein x 3 is as defined 
above, which is a metal complex of Gd ion, and (ii) PDEAMA which is a cationic 
polymer, and more preferably this complex is one wherein x 3 is 16%, i.e., Gd 
has been introduced into 16% of the DTPA moiety. 

In the present invention, the MRI contrast media of the present invention 
preferably bonded with a hydrophilic synthetic polymer, polysaccharides and the 
like. Said synthetic polymer and polysaccharides can be bonded by graft or 
block copolymerization with the cationic polymer or anionic polymer (main chain 
polymer), that is used to form a complex with polyanionic Gd type contrast 
agent or polycationic Gd type contrast agent. Said cationic polymer or anionic 
polymer, and the above-mentioned synthetic polymer or polysaccharides can be 
bonded by a conventional method generally used to synthesize graft or block 
copolymers, though the method varies depending on the cationic polymer or 
anionic polymer, synthetic polymer or polysaccharides to be used. 

Examples of the synthetic polymer suitably used in the present invention include 
polyethylene, polyethylene glycol, polyoxyethylene glycol, polyethylene 
terephthalate, polypropylene, polypropylene glycol, polyurethane, 
polyurethaneurea, pullulonic acid, pullulonic alcohol, polyvinyl polymer, polyvinyl 
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alcohol, polyvinyl chloride, polyvinylpyrrolidone, nylon, polystylene, polylactate, 
hydrocarbon fluoride, carbon fluoride, polytetrafluoroethylene, polyacrylate, 
polyacrylic acid, polymethacrylic acid, pplyacrylamide and the like, and their 
derivatives. In the present invention, those having a molecular weight of about 
1,000-100,000, preferably about 5,000-50,000, are used. 

Examples of the polysaccharides suitably used in the present invention include 
arabinan, fluctane, fucan, arabinogalactane, galactane, galacturonan, glucan, 
mannan, xylane, levan, fucoidan, carrageenan, galactocallolose, pectin, pectinic 
acid, amylose, plurane, glycogen, amylopectin, cellulose, dextran, pustulan, 
chitin, agalose, keratin, chondroitin, dermatan, hyaluronic acid, arginic acid, 
xanthan gum, starch, carboxymethylcellulose, hydroxymethylcellulose, 
hydroxypropylmethylcellulose, methylcellulose, methoxycellulose, erythrose, 
threose, ribose, arabinose, xylose, lyxose, allose, altrose, glucose, mannose, 
gulose, idose, galactose, talose, erythrulose, ribulose, xylulose, psicose, 
fluctose, sorbose, tagatose, glucuronic acid, gluconic acid, glucaric acid, 
galacturonic acid, mannuronic acid, glucosamine, gaiactosamine, neuraminic 
acid and the like. Those having a molecular weight of about 300-10,000, 
preferably about 1,000-5,000, are used, without particular limitation on the origin 
thereof. 

The above-mentioned graft or block copolymer has a core-shell structure. This 
structure conceals Gd in the highly hydrophobic core part, and does not allow 
Gd to be in contact with the surrounding water molecules, thereby inhibiting 
image forming. Moreover, since the shell part contains a hydrophilic polymer, it 
retains water soluble property as a whole. The hydrophilicity suppresses 
interaction of adsorption of the living body component such as protein in the 
living body, and taking in to reticuloendothelial system can be avoided, which in 
turn is expected prolong residence in blood. Moreover, the specific targeting to 
particular organs and cells by utilizing specific sugar chain recognizing function, 
is expected. 

When this graft or block copolymer is transported to the target site, the balance 
of the positive charge and negative charge there is lost, thus failing to form a 
strong polyion complex and then the core-shell structure can not be maintained, 
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as a result of which it comes into contact with the surrounding water molecule to 
express imaging capability. 

The complex of a polyanionic Gd type contrast agent and a cationic polymer, 
5 and the complex of a polycationic Gd type contrast agent and an anionic 
polymer, tt^at constitute the MRI contrast agent of the present invention, 
generally have nearly the same positive charge and negative charge at a 
neutral pH, thus forming a strong polyion complex, and its MRI capability is off. 
However, the positive-negative charge becomes imbalanced in the presence of 
10 a polymer electrolyte, and a part or the entirety thereof is dissociated due to the 
i substitution phenomenon of the polyion forming the poiyion complex, whereby 

the interaction of Gd and water is enabled. The polymer electrolyte producing 
such an imbalanced positive-negative charge is, for example, sugar chain, 
glycoprotein and the like having a negative charge in the polymer, inclusive of 
15 acid glycolipid having sialyl Lewis acid, colominic acid, uronic acid, sulfuric acid 
groups and/or phosphoric acid group; glycosaminogycans such as hyaluronic 
acid, chondroitin, chondroitin 4-sulfate, chondroitin 6-sulfate, dermatan sulfate, 
heparan sulfate, heparin, keratan sulfate and the like; and the like. These 
substances are known to express in abnormal cells such as various tumor cells 
20 and melanoma cells, cells suffering from inflammation and the like. Therefore, 
on-off switching of MRI capability is possible using tumor cell and the like as a 
target. 



o 



The contrast agent of the present invention can be used in the form of a 
25 suspension or solution in a solvent such as distilled water for injection, 

physiological saline and Ringer solution. Where necessary, a pharmacological 
acceptable additives such as carrier, excipient and the like can be added. This 
contrast agent can be applied to cells and the like, and also can be 
administered to a living body by way of intravascular (vein, artery) 
30 administration, oral administration, rectal administration, vaginal administration, 
lymph duct administration, intraarticular administration and the like. Preferably, 
it is administered in the form of an aqueous agent, emulsion or suspension. 
The additives to be used for contrast agent of the present invention vary 
depending on the mode of administration, administration route and the like. 
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Specific examples in the case of injection include buffers, antibacterial agents, 
stabilizers, solubilizers and excipients which are used alone or in combination. 
In the case of an agent for oral administration, such as aqueous agent, syrup, 
emulsion and suspension, coloring agent, preservatives, stabilizers, suspending 
5 agents, emulsifying agents, thickeners, sweeteners, arornatics and the like are 
used alone or in combination. Various additives generally used in the pertinent 
field are used for this end. 

The inventive contrast agent for MRI can be administered to form images 
10 according to the method used for conventional MRI contrast agent. Specifically, 
/ ^ intravenous administration and oral administration can be employed. While the 

specific dose varies according to the age of administration subjects, the size of 
body, the parts to be imaged and the like, it is generally 5-100 (imol/kg, 
preferably 10-50 nmol/kg, in the amount of the Gd type contrast agent 
15 contained therein, namely, in the amount of Gd. 

The contrast agent of the present invention can be suitably used as a contrast 
agent for various animals besides human, and the mode of administration, 
administration route and dose are appropriately determined according to the 
20 body weight and conditions of the target animal. 
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Examples 

The present invention is described in more detail in the following byway 
5 of Examples and Experimental Examples, to which the present invention is not 
limited. 

Example 1 Preparation of polvanionic Gd type contrast agent - 1 
(polymer contrast agent wherein anionic metal complex has been polymerized 
10 via spacer molecule) 
f ^ Synthesis of polv(Gd-DTPA-PDA) ( xi %) 

1 ) Synthesis of poly(DTPA-PDA) 

DTPAA(diethylenetriamine pentaacetic acid anhydride, 12 mM, manufactured 
15 by Dojindo) was dissolved in 20 ml of DMF(N,N-dimethylformamide) by heating 
at 60 . Separately, a solution of PDA (1 ,3-propanediamine, 1 2 mM, 
manufactured by Wako) and TEA (triethyiamine, 50 mM, manufactured by 
Wako) respectively dissolved in 20 ml of DMF was prepared. The both solution 
were mixed by stirring at 60 for 24 hours. The resulting mixture was 
20 evaporated at 80 to solidness and dissolved in about 30 ml of water. This 
aqueous solution was precipitated with 100% ethanol. The precipitation was 
collected by filtration and dried to give 5.7 g of crude poly-DTPA-PDA. For 
^ i further purification, the obtained crude poly-DTPA-PDA was re-dissolved in 30 

ml of water and ultrafiltrated (fraction molecular weight: 5000d) to give 0.8 g of 
25 purified poly-DTPA-PDA. 

2) Preparation of poly(Gd-DTPA-PDA) (Xi %) 

An aqueous solution (1 ml) of 0.1 M gadolinium (Gd) and poly-DTPA-PDA (86.2 
mg) obtained in above 1 ) were mixed in a 0.1 M phosphate buffer (pH 7.2) at 
30 room temperature (Gd:DTPA molar rate=1 :2) to introduce Gd into DTPA moiety, 
thereby producing poly(Gd-DTPA-PDA) (50%). In the same manner, Gd and 
DTPA were mixed at molar rate of Gd:DTPA=1:5 to give poly (Gd-DTPA-PDA) 
(20%). 
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Example 2: Preparation of graft copolymer of PLL (cationic polymer) and 
dextran 

5 

PLL HCLsalt (100 mg, manufactured by Peptide Institute Inc.) and dextran 
(100 mg, Mw=2,600, manufactured by Funakoshi) were placed in 15 ml of 0.1 
M borate buffer (pH8.5j, and 0.3 M sodium cyanoborohydride was added. The 
mixture was reacted at 45 for 2 days to give PLL-g-dextran (graft rate of 
10 dextran 6%). 

o 

Example 3: Preparation of graft copolymer of PLL (cationic polymer) and 
hyaluronic acid 

15 PLL HCI salt (100 mg, manufactured by Peptide Institute Inc.) and hyaluronic 
acid (100 mg, Mw=8,000, manufactured by DENKI KAGAKU KOGYO 
KABUSHIKI KAISHA) were placed in 15 mi of 0.1 M borate buffer (pH8.5) and 
0.3 M sodium cyanoborohydride and 0.4 M NaCI were added. The mixture was 
reacted at 37 for 2 days to give PLL-g- hyaluronic acid (graft rate of hyaluronic 

20 acid 2%). 

Example 4:Preparation of polvion complex - 1 
( [Preparation of mixed solution of PDEAMA (cationic polvmer) and polvfGd- 

DTPA-PDA) (20%) (metal complex)! 

25 

PDEAMA (polydiethylaminoethylmethacrylate, 4.6 mg) was added to 100 of 
the aqueous solution of poly(Gd-DTPA-PDA) (20%) (20 mMGd/L, 46.24 mg 
polymer/ml) obtained in Example 1 and mixed (each ingredient has equal 
charge at this volume proportion). Water was added to make the total amount 1 
30 ml. 

Example 5: Preparation of polvion complex - 2 

[Preparation of mixed solution of PLH (cationic polymer) and polv(Gd-DTPA- 
PDA) (20%) (metal complex)! 
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PLH (poly-L-hystidine, 4 mg, manufactured by Sigma) was added to 100 |J of 
the aqueous solution of poly(Gd-DTPA-PDA) (20%) (20 mMGd/L; 46.24 mg 
polymer/ml) obtained in Example 1 and mixed (each ingredient has equal 
5 charge at this volume proportion). Water was added to make the total amount 1 

ml. : 

Example 6:Preparation of polvion complex - 3 

Preparation of mixed solution of PLL-q-dextran (graft polymerized cationic 
10 polymer) and polv(Gd-DTPA-PDA) (20%) (metal complex)] 

o 

PLL-g-dextran (7.25 mg, Mw of dextran=2,600, graft rate of dextran 6%) 
obtained in Example 2 was added to 100 jil of the aqueous solution of poly(Gd- 
DTPA-PDA) (20%) (20 mMGd/L, 46.24mg polymer/ml) obtained in Example 1 
15 and mixed (each ingredient has equal charge at this volume proportion). Water 
was added to make the total amount 1 ml. 



Example 7: Preparation of polvion complex - 4 

Preparation of complex of polv(Gd-DTPA-PDA) (20%) (metal complex) and 
20 PDEAMA (cationic polymer) in a solution having various pHs (5-9)1 

Poly(Gd-DTPA-PDA) (20%) obtained in Example 1 was added to a solution (1 
ml, pH 5) so that the Gd concentration was 2 mM. To this solution was added 
PDEAMA (4.6 mg) and pH was adjusted to a predetermined one (PH 5-9) with a 
25 suitable amount of 1 N NaOH. Mixing of the same for one hour at room 

temperature (each ingredient has equal charge at this volume proportion) gave 
a complex. 

Example 8:Preparation of polvion complex - 5 
30 [Preparation of complex of polv(Gd-DTPA-PDA) (20%) (metal complex) and 
PLH(cationic polymer) in a solution having various pHs (5-9)1 



Poly(Gd-DTPA-PDA) (20%) obtained in Example 1 was added to a solution (1 
ml, pH 5) so that the Gd concentration was 2 mM. To this solution was added 
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PLH (4.5 mg) and pH was adjusted to a predetermined one (pH 5-9) with a 
suitable amount of 1 N NaOH. Mixing of the same for one hour at room 
temperature (each ingredient has equal charge at this volume proportion) gave 
a complex. 

Example 9:Svntesis of polvanionic Gd type contrast agent - 2 
Preparation of PLL(Gd-DTPA)(16%) 



PLL(Gd-DTPA) which is described in EP 331616 was obtained from Schering 
10 AG (Berlin, Germany). In this example, a PLL(Gd-DTPA) (16%) wherein Gd 
( ) had been introduced into 16% of the DTPA moiety was prepared and used. 

PLL(Gd-DTPA) was dialyzed against 0.1 M EDTA solution for 4 days and then 
against water for one week (MWCO=3,500) to produce a polyanion state 
wherein Gd ions were dissociated. The resulting solution was lyophilized and 
15 stored until use. The PLL(Gd-DTPA) (16%) in this state is shown in the 
following (hereinafter this substance is referred to by the symbol [I]). 




PLL (Gd-DTPA) ( 1 6%) [I] 



The [Gd]/[DTPA unit] ratio of [I] was confirmed by ICP (inductively 
20 coupled plasma, high frequency induction coupled plasma) at a determination 
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wavelength 342.247 nm, high frequency output 1KW (ICP quanometer, 
manufactured by Seiko instruments Inc.) and found to be 0.16. Then, the 
number average molecular weight of [I] was measured by GPC (gel permeation 
chromatography). The GPC was conducted using JASCO880-PU pump system 
5 under the conditions of flow rate 0.8 ml/min (25 ) and ultrahydrogel 1 000 
column (J^pan Waters Ltd.). As the mobile phase, an aqueous solution 
containing 0.5 M acetic acid and 0.3 M sodium sulfate was used. The polymer 
was detected by refractive index detector (830-RI, JASCO) and multiangle light 
scattering detector (Dawn-DSP, Wyatt Technology). The number average 
10 molecular weight of [I] was 5><1 0 4 . 

O 

Example 10: Preoartaion of PDEAMA (cationic polymer) 



The poly[2-(diethylamino)ethylmethacrytate] (hereinafter this compound is 
15 referred to by the symbol [II]) of the following formula 



CH 3 



4cH 2 C-A— 



CH3 ^ ^ 

HN + CH 2 — CH 2 — O 

O CH 3 CH 2 



poly[2-(diethylamirio)ethyimethacrylate] [II] 



was prepared from the corresponding monomer, DEAMA, by radical 
polymerization in DMF in the presence of 2,2 , -azobis(2 t 4-dimethylvaleronitrile) f 
20 which is polymerization initiator, in vacuo at 45 for 3 days. 

After polymerization, excess acetonitrile was added to this solution with stirring 
to allow precipitation of the polymer [II]. This solution was subjected to 
ultrafiltration using a cellulose triacetate membrane (MWCO=20,000, Sartorius) 
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to recover polymer [II]. The number average molecular weight of [II] was 
8.6*10 4 . 

Experimental Example 1: MRI signal intensity of contrast agent comprising a 
5 complex of PLL(Gd-DTPA) (16%) and PDEAMA at muscle and tumor tissues 

The response to pH in vivo of the contrast agent of the present invention was 
confirmed in this experimental example. 



n 



o 



10 (a) Test methods 

BALB/c nude mouse (ca. 20 g, female, 8 weeks of age) implanted with colon26 
adenocarcinoma cells, which were provided by Assistant Professor Mr. Susumu 
Nakajima of Asahikawa Medical University, was used as a test animal. 

15 

After adjustment of the final Gd concentration to 2.0 mM with 0.15 M NaCI (pH 
7), a contrast agent solution (100 containing a mixture of equal amounts of [I] 
prepared in Example 9 and [II] prepared in Example 10 was injected directly into 
the tumor site and femoral muscle of this mouse. The MRI imaging and 

20 measurement of MRI signal intensity were conducted before injection, 

immediately after injection and 20 hours after injection. The test solutions were 
charged in 1 ml disposable syringes (5 mm<|>). The syringes were subjected to 
MRI imaging using a 4.7 T animal imager (Omega CSI-2, GE-Bruker). The MRI 
images were obtained by synthesis of T1 and T2-WI (TR/TE=300/1 2 ms). The 

25 MRI imaging and administration of each contrast agent were performed under 
anesthesia. The results are shown in Fig. 2. 

(b) Results 

30 As is evident from Fig. 2, MRI signal intensity at the normal muscle site showed 
no change even at 20 hours after the administration of the contrast agent and 
said site was not imaged. At tumor site, however, the signal intensity rose with 
lapse of time and the tumor tissue was specifically imaged. 
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The mechanism to exert such tissue specific imaging capability is considered to 
be attributable to the imaging capability of the contrast agent of the present 
invention which is in the on-state due to the dissociation of the polyion complex 
because of the imbalance of positive-negative charge of contrast agent caused 
5 by the sugar chain (e.g., sialyl Lewis acid) expressed on the cell surface of 
colon26 cejls. 

Experimental Example 2: 

10 When colominic acid, which is an acidic polysaccharide, is added at pH 7 to a 
C) polyion complex of PLL(Gd-DTPA) (16%) and PDEAMA, the MRI capability (R1 

relaxivity) increases in a dose dependent manner. 



o 



Experimental Example 3: 



15 



With regard to a polyion complex of poly(Gd-DTPA-PDA) (20%) and PDEAMA, 
when the mixing ratio of poly(Gd-DTPA-PDA) (20%) and PDEAMA is varied in 
terms of a charge ratio (0.5:1, 1:1, 1:1.5, 1:2), the complex having the 
charge ratio of 1 :1 forms a stable polyion complex, which barely shows a 
20 reinforcing effect of the R1 relaxivity at a neutral pH. The complexes having the 
charge ratios of 0.5:1, 1:1.5 and 1:2 fail to form a stable polyion complex due to 
the imbalance of entire charge of respective polyion complexes, and show R1 
relaxivity -reinforcing effect at a neutral pH. However, if a different polymer 
electrolyte further exists, the R1 relaxivity is further reinforced. 



25 



Experimental Example 4: 



With regard to a polyion complex of PLL (Gd-DTPA ) (16%) and PDEAMA, 
when the mixing ratio of PLL(Gd-DTPA) (16%) and PDEAMA is varied in terms 
30 of a -:+ charge ratio (1:1,1:1.5,1 :2, 1 :4), the complex having the charge ratio of 
1 :1 forms a stable polyion complex which barely shows a reinforcing effect of 
the R1 relaxivity at a neutral pH. The complexes having the charge ratios of 
1:1.5, 1 :2 and 1 :4 fail to form a stable polyion complex due to the imbalance of 
entire charge of respective polyion complexes, and show R1 relaxivity - 
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reinforcing effect at a neutral pH. However, if a different polymer electrolyte 
further exists, the R1 relaxing capability is further reinforced. 

Experimental Example 5: Acute toxicity of polvion complex of PLUGd- 
5 DTPA)(16%) and PDEAMA 

After adjustment of the final Gd concentration to 2.0 mM with 0.15 M NaCI (pH 
7), a contrast agent solution [polyion complex of PLL(Gd-DTPA)(16%) and 
PDEAMA] containing a mixture of equal amount of [I] [PLL(Gd-DTPA)(16%)] 
10 prepared in Example 9 and [ll](PDEAMA) prepared in Example 10, was 
("j prepared. 

This contrast agent solution was intravenously injected to the conscious mice 
from the tail vein. The mice were monitored for 3 days after the administration, 
15 and acute toxicity [LD 5 o (mg/kg body weight)] was estimated. A the result, LD50 
of polyion complex of PLL(Gd-DTPA)(16%) and PDEAMA was 459 mg/kg body 
weight. 



Industrial Applicability 



20 



According to the contrast agent of the present invention, the positive-negative 
charge becomes imbalanced in the presence of a polymer electrolyte, such as 
( ) that expressed on an abnormal cell surface, even at a neutral pH (ca. pH 6-8), 

and a part or the entirety thereof is dissociated due to the substitution 

25 phenomenon of the polyion forming the polyion complex or gel, whereby Gd 
and its surrounding water interact, and the MRI capability is expressed. When 
the contrast agent do not interact with a polymer electrolyte at a neutral pH, 
high Gd ions are concentrated within the polyion complex, the polyion gel or the 
liposome, MRI signal can disappeared because of (i) the T2 effect and/or (ii) 

30 inhibition of the diffusion of water molecule from inside to out side of the polyion 
complex, the polyion gel or the liposome. The MRI contrast agent of the 
present invention is capable of on-off switching of the MRI capability which 
reflects the changes in the biological environment, wherein specific polymer 
electrolyte is expressed due to the occurrence of abnormal cells such as tumor 



SUBSTITUTE SHEET (RULE 26) 



WO 00/16811 



PCT/EP99/07090 



33 

and the like. 

Further, the positive-negative charge in the gels of the present invention 
becomes imbalanced at an acidic pH (ca. pH 4-6) or an alkaline pH (ca. pH 8-9) 
in an abnormal cell, then a part or the entirety thereof is dissociated due to the 
substitution phenomenon of the polyion forming the polyion gel whereby Gd and 
its surrounding water interact, and the MRI capability is expressed. 

In addition, the polyion membrane in the liposome is unstably formed at acidic 
pH (ca. pH 4-6) or alkaline pH (ca. pH 8-9) in an abnormal cell whereby 
activated water molecules surrounding Gd in liposome can diffuse to outside of 
liposome, and the MRI capability is expressed. 
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Claims 



1 . An MRI contrast agent, which comprises (i) a complex or a gel of a 
5 polyanionic gadolinium (Gd) type contrast agent and a cationic polymer being 
capable of fprming a polyion complex or a polyion gel, (ii) a complex or a gel of 
a polycationic gadolinium (Gd) type contrast agent and an anionic polymer 
being capable of forming a polyion complex or a polyion gel, or (iii) a liposome 
containing a metal complex which complexes gadolinium (Gd) with a chelating 
10 agent being capable of forming a polyion membrane in the liposome; and which 
C ) expresses an MRI capability at neutral pH in the presence of a polymer 

electrolyte. 



2. The MRI contrast agent of claim 1 , which comprises (i) a complex of a 

15 polyanionic gadolinium (Gd) type contrast agent and a cationic polymer, or (ii) a 
complex of a polycationic gadolinium (Gd) type contrast agent and an anionic 
polymer, both complexes being capable of forming a polyion complex, and 
which expresses an MRI capability at neutral pH in the presence of a polymer 
electrolyte. 

20 

3. The MRI contrast agent of claim 1 which comprises a complex of a 
polyanionic gadolinium (Gd) type contrast agent and a cationic polymer being 
capable of forming a polyion complex, and which expresses an MRI capability 
at neutral pH in the presence of a polymer electrolyte. 

25 

4. The MRI contrast agent of any of claims 1 to 3, wherein the polyanionic 
gadolinium (Gd) type contrast agent is (1) a copolymer of (i) a cationic polymer 
and (ii) a metal complex which complexes gadolinium (Gd) with a chelating 
agent, and the chelating agent free of gadolinium (Gd) ion, wherein all cations 

30 of the cationic polymer are bonded with the metal complex or the chelating 
agent, or (2) a copolymer of (i) a cationic polymer and (ii) a metal complex 
which complexes gadolinium (Gd) with a chelating agent. 

5. The MRI contrast agent of claim 4, wherein the cationic polymer 



SUBSTITUTE SHEET (RULE 26) 



WO 00/16811 



PCT/EP99/07090 



35 

copolymerized with the metal complex or chelating agent is a natural polymer 
chitosan and/or at least one synthetic polymer selected from the group 
consisting of polydiethylaminoethylmethacrylate (PDEAMA), polyL-lysine (PLL), 
poly L-histidine (PLH), poly(vinylamine) f poly(ethyleneimine), l,m-ionene, 
poly(N-alkyl-4-vinyipyridinium chloride) (QPVP), poly(vinylbenzyl 
trimethylannmonium chloride) (PVBMA), poly[(N,N-dimethylamino)ethyl 
acrylate], poly[(N,N-dimethylamino)propyl acrylamide], poly(N,N- 
dimethylacrylamide), poly(N,N-diethylacrylamide), poly(allylamine), poly[N,N- 
(dimethylamino)ethyl methacrylate], poly[N,N-(diethylamino)ethyl methacrylate], 
poly[N,N-(dipropylamino)ethyl methacrylate], poly[N f N-(diethyl)acrylamide] and 
poly[N,N-(dimethyl)acrylamide]. 

6. The MRI contrast agent of claim 4, wherein the metal complex is a compound 
partially having the formula 

C N N 

* < ( 

coo- coo 

Gd 3+ 

and the chelating agent is a compound partially having the formula 



^\ / \ / \ ^ \ 

C N N N C 

i < ( < i 

coo- coo- coo- 

7. The MRI contrast agent of claim 4, wherein the metal complex is a compound 
partially having the formula, 
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"OOC 



"OOC 



N 



^ / 
N\ 



Gd 



3+ 



N 

V 



N 

J 



coo- 



coo" 



and the chelating agent is a compound partially having the formula 



"OOC 



N ' 



COO - 



O 



> < 
-OOC ' N / > COO' 

5 

8. The MRI contrast agent of any of claims 4, 6 and 7, wherein the cationic 
polymer is poly L-lysine (PLL). 

9. The MRI contrast agent of claim 1 , wherein the polyanionic gadolinium (Gd) 
10 type contrast agent is a polymer contrast agent comprising anionic metal 

complexes polymerized via a spacer molecule. 

10. The MRI contrast agent of claim 9, wherein the polymer contrast agent 
comprising anionic metal complexes polymerized via a spacer molecule is a 

15 complex polymer of the formula (1 ) 

— (Gd— DTP A— PD AjxT-tDTPA — PD A) (10 o. xl ) ( 1 ) 

wherein DTPA is diethylenetriamine pentaacetic acid, PDA is 1 ,3- 
propanediamine, xi is a real number of 1 to 99, and the formula 

20 

—(Gd— DTPA— PDA} — 
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therein shows a DTPA-PDA moiety into which gadolinium (Gd) has been 
introduced, namely, the complex polymer represented by the formula 



C J 




or the formula (2) 



— (Gd— DOT A— PDA^r^DOTA— PD A) (100 . x2) 



(2) 



10 



wherein PDA is as defined above, DOTAis 1 ,4,7,1 0-tetraazacyclododecane- 
N f N',N M ,N m -tetraacetic acid, X2 is a real number of 1 to 49, and the formula 

— (Gd — DOTA— PDA)— 

therein shows a DOTA-PDA moiety into which gadolinium (Gd) has been 
introduced, namely, the complex polymer represented by the formula 



o 




H 

N- 



COO" 




15 11 . The MRI contrast agent of claim 1 , wherein the cationic polymer is a natural 
polymer chitosan and/or at least one synthetic polymer selected from the group 
consisting of polydiethylaminoethylmethacrylate (PDEAMA), poly L-lysine (PLL), 
poly L-histidine (PLH), poly(vinylamine), poly(ethyleneimine), l,m-ionene.poly(N- 
alkyl-4-vinylpyridinium chloride) (QPVP), poly(vinylbenzyl trimethylammonium 
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chloride) (PVBMA), poly[(N,N-dimethylamino)ethyl acrylate], poly[(N,N- 
dimethylamino)propyl acrylamide], poly(N f N-dimethylacrylamide), poly(N,N- 
diethylacrylamide), poly(allylamine) f poly[N,N-(dimethyiamino)etfryl 
methacrylate], poly[N,N-(diethylamino)ethyl methacrylate], poly[N,N- 
5 (dipropylamino)ethyl methacrylate], poly[N,N-(diethyl)acrylamide] and poly[N,N- 
(dimethyl)jacrylamide]. 

12. The MRI contrast agent of claim 1, wherein the polycationic gadolinium (Gd) 
type contrast agent is a bonded compound of a cationic polymer and a metal 
10 complex (Gd-DOTA) of one partially having the formula 

~OOC \ / v ^ COO" 

N N\ 

Gd 3+ 



15 




•QOC ' N f N COO 



wherein the metal complex (Gd-DOTA) has bonded to a part of the cation of the 
cationic polymer and a part of the cation remains unbonded. 



13. The MRI contrast agent of claim 12, wherein the cationic polymer that bonds 
to the metal complex (Gd-DOTA) is a natural polymer chitosan and/or at least 
one synthetic polymer selected from the group consisting of 
polydiethylaminoethylmethacrylate (PDEAMA), poly L-lysine (PLL), poly L- 

20 histidine (PLH), poly(vinylamine), poly(ethyleneimine), l,m-ionene, poly(N-alkyl- 
4-vinylpyridinium chloride) (QPVP), polyvinyl benzyl trimethylammonium 
chloride (PVBMA), poly[(N,N-dimethylamino)ethyl acrylate], poly[(N,N- 
dimethylamino)propyl acrylamide], poly(N,N-dimethylacrylamide), poly(N,N- 
diethylacrylamide), poly(allylamine), poly[N,N-(dimethylamino)ethyl 

25 methacrylate], poly[N,N-(diethylamino)ethyI methacrylate], poly[N,N- 

(dipropylamino)ethyl methacrylate], poly[N,N-(diethyl)acrylamide] and poly[N,N- 
(dimethyl)acrylamide]. 

14. The MRI contrast agent of Claim 12, wherein the cationic polymer is poly L- 
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lysine (PLL) or chitosan. 



1 5. The MRI contrast agent of claim 1 , wherein the anionic polymer is at least 
one member selected from the group of synthetic polymers consisting of poly L- 
glutamic acid, poly L-aspartic acid, poly(acrylic acid) (PAA), poly(methacrylic 



poly(styrenephosphoric acid) (PSP), polyphosphoric acid, and acidic 
polysaccharides having colominic acid, sulfonic acid group, carboxylic acid 
group and/or phosphoric acid group; and the group of natural polymers 
consisting of hyaluronic acid, chondroitin, chondroitin sulfate, dermatan sulfate, 
heparan sulfate, heparin, keratan sulfate, and acidic polysaccharides containing 
sialic Lewis acid, colominic acid, uronic acid, sulfonic acid group, carboxylic acid 
group and/or a phosphoric acid group. 

16. The MRI contrast agent of claim 1 , wherein the polymer electrolyte is at 
least one member selected from the group consisting of acid glycolipids and 
glycosaminoglucans. 

17. The MRI contrast agent of claim 1 , wherein the polyion complex is a 
complex of (i) a polyanionic gadolinium (Gd) type contrast agent that is a 
copolymer of (1 ) poly L-lysine (PLL) and (2) a metal complex partially having the 



acid) (PM^A), poly(vinylsulfonic acid), poly(styrenesulfonic acid) (PSS), 




Gd 



,3+ 



formula 



and a chelating agent partially having the formula 
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coo- coo- COO- 
and 

(ii) a cationic polymer that is polydiethylaminoethylmethacrylate (PDEAMA). 

18. An MRI contrast agent, which comprises (i) a gel of a polyanionic 
5 gadolinium (Gd) type contrast agent and a cationic polymer being capable of 
forming a polyion gel, or (ii) a gel of a polycationic gadolinium (Gd) type contrast 
agent and an anionic polymer being capable of forming a polyion gel, and which 
expresses an MRI capability at acidic pH or alkaline pH. 

10 19. An MRI contrast agent, which comprises a liposome containing a metal 
complex which complexes gadolinium (Gd) with a chelating agent being 
capable of forming a polyion membrane in the liposome, and which expresses 
an MRI capability at acidic pH or alkaline pH. 



O 
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